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ELECTRICAL ISOLATION SYSEM FOR A FUEL CELL STACK 
AND METHOD OF OPERATING A FUEL CELL STACK 



TECHNICAL FIELD 

[0001] The present invention relates to an electrical isolation system 

for a fuel cell stack and to a method of operating a ftiel cell stack. 

5 BACKGROUND OF THE INVENTION 

[0002] Fuel cell stacks comprise a plurality of fuel cells connected in 

series and/or in parallel. There are many different designs of fuel cells, 
some of which operate at extremely high temperatures and others of which 
operate at relatively low temperatures. Fuel cells, which operate at 

10 relatively low temperatures, tend to be preferred for use as power plants in 
vehicles. There are various types of low temperature fuel cells. One 
frequently used type of fuel cell for vehicle applications is the so-called PEM 
fuel cell (Proton Exchange Membrane). In a fuel cell of this kind, an anode 
electrode and a cathode electrode both coated with catalyst material are 

15 separated by a synthetic membrane and the assembly comprising the two 

electrodes separated by the membrane, frequently called an MEA (membrane 
electrode assembly) is enclosed between two conductive plates referred to as 
bipolar plates. In a fuel cell stack a plurality of fuel cells are arranged side 
by side so that each bipolar plate (apart from the end plates of the stack) is 

20 associated with two adjacent fuel cells. The bipolar plates are provided at 
their sides facing the electrodes with passages or channels which enable 
hydrogen to be fed to the anode electrode of one fuel cell and oxygen in the 
form of air to be fed to the cathode electrode of a neighboring fuel cell. 
When the fuel cell is in operation the protons delivered by the hydrogen 

25 migrate through the membrane and combine with the oxygen to form water 
and generate electricity. When a plurality of fuel cells are arranged in a 
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stack, the bipolar plates serve as a separator between adjacent fuel cells, that 
is to say the bipolar plate has at one side passages for directing hydrogen to 
the anode of one fuel cell and at the other side passages for directing air to 
the cathode of an adjacent fuel cell and keeps these gas flows separated. 
5 [0003] In the operation of such fuel cells, heat is generated and 

provision is made for cooling the fuel cells. This cooling is effected by 
incorporating cooling passages into the bipolar plates through which a 
coolant flows. Thus, the bipolar plates have a separating function in that 
they separate adjacent fuel cells. At the same time, they are connected 

10 together electrically, in series and/or in parallel, in order to connect them 
into a power circuit by which the electricity generated by the fuel cell can be 
extracted. A typical PEM cell produces an output voltage of about 0.9 V. In 
a typical fuel cell stack there are a sufficient number of fuel cells to produce 
a relatively high operating voltage, typically in the range from 100 to 400 V. 

15 Fuel cells with high operating voltages are the subject of stringent safety 

requirements, particularly when liquid coolants are used to cool the fuel cell 
stack. Previous attempts to meet these requirements have focused on trying 
to achieve complete isolation of the coolant circuit involving radiators, 
pumps, tubes as well as complete isolation of the fuel cell stack itself. 

20 Attempts have also been made to use non-conductive liquids as the coolant, 
which is intended to prevent dangerous voltage levels at the fuel cell stack 
being transmitted by the coolant to the radiator and other components which 
would prevent a serious safety hazard. 

[0004] The electrical isolation of large components, such as radiators, 

25 is however not very practical in a vehicle or in any other system due to size 
constraints and problems associated with the blocking of cooling air. The 
use of non-conductive coolants (for example oil) has significant 
disadvantages because the physical properties of such coolants, such as heat 
capacity, heat conductivity, and viscosity, are restricted. Moreover, such 
30 non-conductive coolants pose an environmental problem since there is always 
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the danger of leakage, for example if connections fail or in the event of 
accident damage Moreover, there are particular problems in operating such 
coolants at low temperatures. Such disadvantageous properties adversely 
affect the system power density the radiator size and the power required to 
5 drive radiator fans and coolant pumps. 

[0005] Because of these disadvantages attention has been paid to 

using water plus anti-freeze based coolants for liquid cooling. However, it is 
U important to use a coolant with a relatively low conductivity. As explained 

5? above the bipolar plates of the fuel cells of the fuel cell stack are connected 

2 10 electrically in series and/or parallel and the liquid coolant flows in parallel 

S| through the bipolar plates. Thus, if the liquid coolant is conductive it 

y effectively represents a ground fault of the bipolar plates, which is clearly 

%, undesirable. 

W [0006] Liquid coolants are available with a relatively low 

yj 15 conductivity favorable for use in fuel cells. However, there is always the 

51 danger, in the practical use of a fuel cell system, that someone could add the 

wrong coolant to the system. The liquid coolants used in fuel cell stacks are 
also critical from the point of view that they must be designed to avoid 
corrosive and electrolytic effects, which could lead to long-term deterioration 
20 of the fuel cell stack. 

[0007] Moreover, it is known that liquid coolants deteriorate in use 

over a longer period of time. 

[0008] In addition to the aforementioned problems there is also a 

general problem with fuel cell stacks in as much as faults can occur which 
25 lead to a deterioration or failure of the isolation of the fuel cell stack, which 
could lead to dangerous situations. Such dangerous situations could be 
particularly acute if the vehicle has been involved in an accident or if some 
other malfunction has taken place which impairs the quality of the isolation. 
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SUMMARY OF THE INVENTION 

[0009] In view of the above mentioned problems, it is an object of 

the present invention to provide an electrical isolation system for a fuel cell 
stack and a method of operating a fuel cell stack such that the quality of the 
5 electrical isolation can be continuously monitored and such that safety 
measures can be taken in the event of faulty isolation to prevent damage to 
the fuel cell stack and associated components and to prevent dangerous 
situations due to inadequate electrical isolation. 
5? [0010] Moreover, it is a further object of the present invention to 

% i 10 make available an electrical isolation system and a method of the above 

03 named kind which can be implemented at relatively low cost and which 

111 

r»l operates reliably. 

[0011] It is a yet further object of the present invention to provide an 

electrical isolation system and a method of the above named kind which 
15 enables a realistic approach to be taken to considerations such as 

deterioration of the liquid coolant which necessarily occurs over a period of 
time, with it being possible to ensure the liquid coolant is changed on time 
before deterioration has reached a critical level. 
[0012] In order to satisfy these objects there is provided, in 

20 accordance with the present invention, an electrical isolation system for a 
fuel cell stack comprising a plurality of fuel cells connected in series and a 
coolant circuit for cooling said fuel cells in operation using a liquid coolant 
having a restricted electrical conductivity, said fuel cell stack being 
associated with a chassis having a chassis ground and comprising a plurality 
25 of coolant passages for said fuel cells, said coolant passages being connected 
in parallel and/or in series and said coolant circuit comprising an inlet for 
feeding said liquid coolant into said stack and into said coolant passages, an 
outlet for removing said liquid coolant from said stack after flow through 
said coolant passages, a radiator provided as a heat exchanger to cool said 
30 liquid coolant and having an inlet and an outlet, a first coolant flow line 
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connecting said radiator outlet to said fuel cell stack inlet, a second coolant 
flow line connecting said stack outlet to said radiator inlet and a pump for 
circulating liquid coolant in said coolant circuit, wherein said coolant circuit 
comprises a plurality of conductive components such as an outer boundary 
5 wall of said fuel cell stack, said radiator and/or said pump, wherein at least 
one of said conductive components is connected to said chassis ground and 
wherein a measuring circuit is provided for measuring the resistance between 
a selected one of said fuel cells and said chassis ground. 
[0013] The outer boundary wall of the fuel cell stack may, for 

10 example, be a wall of a metallic housing surrounding the stack, or a metal 
panel or structure of a vehicle adjacent to the stack or an end plate or side 
wall of the stack itself. 

[0014] Also there is provided a method of monitoring a fuel cell stack 

comprising a plurality of fuel cells connected in series and a coolant circuit 

15 for cooling such fuel cells in operation using a liquid coolant having a 
restricted electrical conductivity, said fuel cell stack having an associated 
electrical output system, at least one output terminal and a contactor for 
connecting each said output terminal to said electrical output system and 
being associated with a chassis having a chassis ground, said fuel cell stack 

20 further comprising a plurality of coolant passages for said fuel cells, said 

coolant passages being connected in parallel and/or in series and said coolant 
circuit comprising an inlet for feeding said liquid coolant into said stack and 
into said coolant passages, an outlet for removing said liquid coolant from 
said stack after flow through said coolant passages, a radiator provided as a 

25 heat exchanger to cool said liquid coolant and having an inlet and an outlet, a 
first coolant flow line connecting said radiator outlet to said fuel cell stack 
inlet, a second coolant flow line connecting said stack outlet to said radiator 
inlet and a pump for circulating liquid coolant in said coolant circuit, 
wherein said coolant circuit comprises a plurality of conductive components 

30 such as an outer boundary wall of said fuel cell stack, said radiator and/or 
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said pump, where at least one of said conductive components is connected to 
said chassis ground, the method comprising the steps of measuring a 
resistance between a selected one of said fuel cells and said chassis ground 
and effecting a comparison, directly or indirectly, between said measured 
5 resistance and at least one threshold value and , in the event of an 

unfavorable comparison, generating a warning signal and/or disengaging any 
contactor connecting a said output terminal of said stack to said electrical 
system and/or shutting down said fuel cell stack, 
y [0015] Whenever reference is made in this specification and claims to 

r y 10 items in the singular, such as "a radiator", "a pump", "a contactor" etc. it 
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will be understood to mean one or more such items. 
[0016] The concept underlying the present invention is thus first of 

all the selection of a lay-out of the fuel cell stack and of the associated 
electrical system which makes it possible to relate changes in resistance to 

15 changes in the quality of the electrical isolation of the fuel cell stack and of 
the associated system and which also makes it possible to analyze the reasons 
for the change in electrical resistance and thus to take appropriate remedial 
action (warning and/or disconnection and/or shut down). 
[0017] For example, a gradual change in the measured resistance can 

20 be associated with a gradual deterioration of the coolant and can lead to a 
warning signal being given when the coolant needs changing. If the 
deterioration is about to reach a critical level then the fuel cell stack can be 
automatically shut down. 

[0018] If a sudden change in resistance occurs then this can be due to 

25 a number of reasons. For example the vehicle may have had an accident or 
even just a slight bump which has led to a ground fault within the fuel cell 
stack or within the electrical system which can lead to a characteristic change 
of the measured resistance. 

[0019] Equally, if an object inadvertently comes into contact with a 

30 part of the fuel cell stack or associated coolant system or the associated 



Pi 



electrical system which should be insulated from contact, but is inadequately 
insulated for whatever reason, for example because a cover has been omitted 
or because of accident damage, then a resistance will effectively be placed in 
parallel with the measured resistance of the cell and a characteristic change 
5 will take place. 

[0020] On detecting such a sudden change one or more electrical 

contactors can immediately be actuated to break the electrical circuit, i.e. to 
disconnect the high voltage terminal or terminals of the fuel cell stack from 
the electrical system, thus preventing dangerous situations. Moreover, the 
10 fuel cell stack can be shut down, i.e. valves can be actuated to cut of the 
supply of hydrogen and or atmospheric oxygen to the fuel cell stack to 
inhibit the generation of electricity and/or the stack can be purged of 
combustible gases. 

[0021] In other words, if a tool has been left within the environment 

15 of the fuel cell and has caused a short circuit or a ground fault this will 
immediately result in a change in the measured resistance which will be 
detected and the appropriate remedial action can be taken, such as activating 
the contactors to break the electrical circuit and or shut down the stack. That 
is to say the measured resistance value can be used in a manner analogous to 

20 a differential protection system ( FI switch). 

[0022] Moreover, if the cooling system is damaged for some reason, 

for example such that the flow of coolant is restricted, then this will have an 
effect on the measured resistance. This can be detected and again a warning 
signal can be issued or the system can be shut down depending on the 

25 severity of the change. Similarly, if a ground connection is missing, or 
corroded, or has broken or been forgotten, then this will have an effect on 
the measured resistance and can thus be detected. 
[0023] Should someone inadvertently add a liquid coolant with 

incorrect electrical conductivity to the system during servicing or on topping 

30 up, then this will also result in a change in the measured resistance value and 
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an appropriate warning signal can be issued, or the fuel cell system can be 
shut down, if the change in conductivity of the coolant is critical. 
[0024] It is particularly preferred when the electrical isolation system 

also includes a circuit for measuring a potential difference between the 
5 selected one of said fuel cells and the chassis ground. 

[0025] The selected one of the fuel cells is preferably the first fuel 

cell adjacent the stack inlet and or outlet for coolant (but need not be the first 
fuel cell). The bipolar plate of the first fuel cell closest to the stack inlet and 
the stack outlet may for example settle at an operating potential difference in 

10 the range from + 20V to -20 V relative to ground, with this potential 
difference depending on the conductivity of the coolant, on ground fault 
currents and on cooling geometry effects. By monitoring this potential 
difference in addition to the measured resistance it is possible to obtain 
further information concerning the quality of the electrical isolation of the 

15 fuel cell stack and associated electrical system and to improve the analysis of 
the reasons for changes in the electrical isolation. This enables better 
evaluation of changes that occur and better decision making in response to 
such changes. 

[0026] Thus, the present invention also proposes the use of a 

20 combination of a resistance monitoring device which continuously measures 
and monitors the resistance of the resistive path formed by the coolant and 
other parasitic resistive isolation paths (referred to as R-ISO between the 
selected fuel cell and ground) together with a voltage monitoring unit which 
monitors the voltage across the resistive path from the fuel cell through the 
25 passivation layer of the respective cell, across channel areas in the ME A and 
across coolant flow paths in the fuel cell stack and in the coolant manifold 
towards the chassis ground (referred to as V-ISO). Preferably the fuel cell 
in closest contact to the coolant inlet/outlet is selected for the connection to 
the monitoring circuit. 



[0027] This makes it possible to realize a control device and to 

implement an algorithm which is capable of calculating not only a change in 
resistance but also fault currents flowing along the described coolant path, in 
particular DC fault currents and low frequency AC fault currents. This fault 
5 current can be calculated using Ohms law, i.e. , 
I-ISO = V-ISO/R-ISO 
[0028] and makes it possible to compare each of R-ISO, V -ISO and I- 
ISO against adaptive safety thresholds and to initiate warnings and/or high 
voltage shut down. This system makes it possible to take account of and 
10 supervise coolant deterioration over time, undesired variations in coolant 
channel geometry, and loss of safety grounding. 

[0029] The preferred use of a stack coolant scheme with a stack or 

stack arrangement where a low conductivity coolant enters and exits the 
stack at the same voltage potential plate, which may, for example, be an end 

15 plate of the fuel cell stack or a center tap plate for multiple stack 

arrangements, makes it possible to form a controlled grounding path. All 
conductive elements of the coolant circuit that are in contact with the 
coolant, where the danger exists they might go to hazardous voltage levels in 
the case of an isolation fault, are connected to the chassis ground and thus 

20 grounded safety-wise. 

[0030] The electrical isolation system is preferably laid out in such a 

way that the resistive path between the selected one of the fuel cells and the 
chassis ground leads to a measured resistance which is as high as possible. 
With an arrangement of this kind changes in resistance can be measured 

25 sensitively. 

[0031] Preferred embodiments of the electrical isolation system and 

method of the invention are set forth in the subordinate claims and will now 
be described in further detail with reference to the accompanying drawings in 
which are shown: 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Figure 1 is a broken away section through two adjacent fuel 

cells of a fuel cell stack; 
5 [0033] Figure 2 is a schematic view of an isolation system for a fuel 

cell stack in accordance with the present invention showing the coolant 

circuit and the electrical power system of the fuel cell stack, here in the form 
U of a single stack; 

[0034] Figure 3 is a schematic drawing similar to Figure 2 but of an 

2 10 embodiment in accordance with the invention incorporating a double stack; 

£0 [0035] Figure 4 is a schematic illustration of another embodiment in 

iJJ; 

jVj accordance with the invention of a multiple stack arrangement with an 

JL, associated cooling system; and 

ftJ [0036] Figure 5 is a schematic view of an equivalent circuit diagram 

y 15 for the embodiment of Figure 3 . 

ffj 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0037] Fig. 1 shows a broken away section of a fuel cell stack 10 

comprising a plurality of individual fuel cells 12 (of which only two 

20 complete cells are shown) which are connected electrically in series. Each 
fuel cell 12 comprises a so-called MEA 14, which is enclosed between two 
bipolar plates 16. As can be visualized from Fig. 1, each bipolar plate 16, 
other than the bipolar plates 16' at the ends of the stack, is present between 
two adjacent fuel cells. Each bipolar plate 16, 16' has a central coolant 

25 passage 17 through which a liquid coolant flows. 

[0038] Referring now also to Fig. 2, the first bipolar plate 16' of the 

first fuel cell of the stack has a floating voltage, which may, for example, be 
10 V in a typical application. The size of this floating voltage is related to 
the flow of liquid coolant through the stack and the electrical conductivity of 

30 the coolant. It should be noted that all voltages mentioned herein are given 
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purely by way of example and are not to be interpreted as in any way 
restricting the scope of the invention or claims. The floating voltage is 
applied to one input 18 of a DC/DC converter 20 via a lead 22. The other 
input 24 of the DC/DC converter is connected via a lead 26, a contactor 28 
5 and a lead 30 to the last bipolar plate 16' of the fuel cell stack. In the 
embodiment shown, this last bipolar plate 16' carries a voltage of -175 V. 
For the sake of simplicity only the first and last bipolar plates 16 r of the fuel 
cell stack 10 are shown in Fig. 2. The positions of the other fuel cells are 
symbolized by the lines representing the associated coolant passages 17. The 
^ 10 potential difference applied to the DC/DC converter 20 in this case is 

03 therefore 185 V. The DC/DC converter 20 is designed to provide an output 

f ; "i voltage of 200 V on the two output leads 32 and 34 and this output voltage is 

JL. applied to a power inverter module 36, which supplies power to an electric 

flj motor 38 for driving the compressor which supplies compressed air to the 

Ly 15 fuel cell stack (not shown, but well known per se). The power inverter 

^ module 36 is also connected to further AC motors used to drive the vehicle 

wheels. The power inverter module 36 and the motor 38 as well as other 
electrical devices connected thereto are all grounded as illustrated 
schematically by the box 40 and the ground connection 42A. A housing 44 A 
20 schematically surrounding the fuel cell stack 12 is also connected to earth at 
42B and is also connected via the lead 46 to the earthed housing 40 for the 
power inverter module 36. 

[0039] As shown in the schematic diagram of Fig. 1 , each of the 

bipolar plates associated with a fuel cell has a cooling passage 17 within it 

25 and the cooling passages 17 of all the fuel cells of the stack 12 are connected 
at one side of the stack to a distributor manifold 52 which receives liquid 
coolant from a stack inlet 54 and are connected at the other side of the stack 
to a collection manifold 56 which directs coolant flowing through the bipolar 
plates 16 to a stack outlet 58. The stack outlet 58 is connected via a flexible 

30 hose 60 to an inlet 62 of a radiator 64 with, in this embodiment, two cooling 
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fans 66 and 68. The liquid coolant flowing through the matrix of the 
radiator 64 is cooled by heat exchange with cool air passing through the 
matrix of the radiator 64 by the action of the two fans 66 and 68. The liquid 
coolant emerging from the outlet 70 of the radiator is then directed via a 
5 flexible hose 72 to the inlet 74 of a pump 76 which feeds the liquid coolant 
via an outlet 78 and a further flexible hose 80 to the stack inlet 54. In the 
drawing of Fig. 2, 42C represents a connection of the metallic body of the 
pump 76 to the chassis ground and 42D represents a connection of the 

.saps. 

S metallic matrix of the radiator to the chassis ground. In addition, in the 

2 10 embodiment of Fig. 1, the inlet stub 84 forming the inlet 54 to the fuel cell 

HI stack 10 is grounded at 42E. Similarly, the metallic outlet stub 86 forming 

jVj the stack outlet 58 is also grounded at 42F. 

%. [0040] Thus, in the arrangement of Fig. 2, the fuel cell stack 

111 comprises a plurality of coolant passages 17 for the fuel cells, with the 

Ly 15 coolant passages being connected here in parallel between the distribution 

51 manifold 52 and the collection manifold 56. The cooling circuit comprises: 

the inlet 54 for feeding the liquid coolant into the stack 10 and into the 
coolant passages 17, the outlet 58 for removing the liquid coolant from the 
stack after flow through the coolant passages, the hose 60, the radiator 64 
20 provided as a heat exchanger to cool the liquid coolant and a flow line 

formed by the flexible hose 72 which connects the radiator outlet 70 to the 
pump 76, the pump 76 and the flexible hose 80 which connects the pump 76 
to the stack inlet 84. Thus, the coolant circuit includes a first flow line 
formed by the flexible hose 72, the flexible hose 80 and the pump 76 for 
25 circulating the liquid coolant in the coolant circuit and a second coolant flow 
line formed by the hose 60 which connects the stack outlet 58 to the radiator 
inlet 62. The coolant circuit comprises a plurality of conductive 
components. These include the outer boundary wall 44 A of the fuel cell 
stack which is typically built up of a plurality of plates and which defines, 
30 amongst other things, the distribution manifold 52 and the collection 
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manifold 56 for the flow of the coolant. In similar fashion, the plate 
construction defines further manifolds (not shown) for the feeding of 
hydrogen or a synthesized hydrogen-rich gas to the anodes of the fuel cells 
and for feeding air and thus atmospheric oxygen to the cathodes of the fuel 
5 cells. The plate construction similarly defines, in a manner known per se, 
additional manifolds for conducting the anode exhaust gases and cathode 
exhaust gases away from the fuel cell stack 10. 
U [0041] In this embodiment, the inlet stub 86 and the outlet stub 84 are 

S metallic components, and they are separately grounded at 42E and 42F. 

fee? 

2 10 They are not necessarily in direct electrical contact with the plate 

CO construction of the fuel cell stack 10 because synthetic-sealing elements may 

CO 

hj be present between them. 

: [0042] Moreover, as already explained, the conductive body of the 

0=1 pump 76, the radiator 64, any housing 44 which may be present for the fuel 

y 15 cell stack and any housings associated with the electrical system, such as the 

;51 housing 40 are all connected to a chassis ground. Thus, in this embodiment, 

all of the conductive components associated with the cool circuit are 
separately grounded. This is however not essential, it is possible to ground 
only some or just one of these components. It is however sensible to at least 
20 ground a conductive component close to the coolant inlet or outlet of the 
stack. This automatically ensures that other conductive components further 
removed from the stack are effectively grounded via the low conductivity 
coolant. This consideration applies to all possible embodiments of the 
invention. 

25 [0043] In the embodiment of Fig. 2, a resistance measuring circuit 90 

is provided which is connected in this embodiment to the first fuel cell 12 of 
the fuel cell stack, i.e. to the fuel cell closest to the stack inlet 54 and the 
stack outlet 58 and is connected at its other terminal to the chassis ground as 
indicated at 42G. The current measurement circuit operates by 

30 superimposing an alternating voltage between the chassis ground 42G and the 
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first fuel cell 12 and by measuring the alternating current which flows as a 
result of the applied alternating voltage. The frequency of the alternating 
voltage, and thus of the alternating current, may, for example, be 
approximately 50Hz. This alternating current does not affect the operation 
5 of the fuel cell, but enables the resistance between the first fuel cell and the 
chassis ground to be measured by using Ohm's Law 

R-ISO = alternating voltage divided by alternating current. 
[0044] The chassis ground to which all the ground connections 42A 

to 42G is made can, for example, be the chassis of a vehicle. The resistance 

10 value R-ISO as determined by the circuit 90 is passed, as is schematically 
illustrated by the arrow 92, to a monitor 94 which effects a comparison 
between the measured resistance value and at least one predetermined 
threshold value stored in the monitor 92 or input into the monitor via 
terminal 93. For example, the monitor 94 can compare the measured 

15 resistance value with upper and lower thresholds for the resistance. If the 
resistance measured lies within these thresholds, then it is assumed that the 
liquid coolant being used has the correct electrical conductivity. 
[0045] Should an object such as a tool inadvertently contact the high 

voltage electrical system, as schematically illustrated at 96, then, irrespective 

20 of where the tool touches the high voltage electrical system, a significant 
change in the measured resistance will be detected. The monitor 94 is 
arranged to trigger the contactor 28, via the lead 98, to disconnect the 
electrical system from the high voltage side of the fuel cell, thus preventing 
dangerous situations due to the tool indicated schematically at 96 and 

25 assumed to be in contact with the ground at 42H. 

[0046] Moreover, should a ground fault develop, as a result of 

accident damage to the fuel cell system or to the electrical system, this will 
also result in a change in the measured resistance and can likewise lead to the 
contactor 28 being disengaged and the fixel cell system shut down. Equally, 

30 if the cooling system is damaged, for example due to damage to the fuel cell, 
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or due to one of the flexible hoses 60, 72, or 80 being kinked or otherwise 
damaged, then this will also lead to a measurable change in the resistance R- 
ISO and, depending on the severity of the change, the system can either be 
shut down via the lead 98 or a warning signal can be given via the warning 
5 lamp 100 which is also connected to the monitor 94 via the lead 102. The 
flexible hoses 60, 72 or 80 are typically insulating hoses, but may also 
include metallic components, such as a reinforcing braid, which should then 
U also be connected to the chassis ground. If a ground fault arises due to 

5! failure of a hose then this will also cause a change in resistance, which will 

2 10 be detected by the monitor 94. 

p [0047] It is particularly favorable when, as shown in Fig. 2, a circuit 

jj 91 is also provided which is adapted to measure the potential difference 

between the selected fuel cell 12 and the chassis ground 42G. The 
rii corresponding potential difference signal indicated here as V-ISO is passed to 

yj 15 the monitor 94, as indicated by the arrow 104. The voltage monitoring 

m circuit preferably also comprises a low pass filter (not shown) in order to 

eliminate electrical noise from the signal. 

[0048] Fig. 3 shows a further example of an electrical isolation 

system for a fuel cell stack in accordance with the present teaching. 

20 [0049] The same reference numerals will be used for the discussion 

of the embodiment of Fig. 3 as have been used in connection with the 
previous embodiment, but will be increased by the basic number 100 in 
order to permit a clear differentiation between the embodiments. It will be 
understood, that the description given of the features of the embodiment of 

25 Fig. 1 and Fig. 2 also apply to the components of Fig. 3 having reference 
numerals with the same last two numbers. 

[0050] The fuel cell stack 110 of the embodiment of Fig. 3 comprises 

first and second sub-stacks 11 OA and HOB which are connected electrically 
in series but with the sets of coolant passages 17 of the sub-stacks being 
30 connected in parallel. Thus, the fuel cell stack inlet 154 feeds each of said 



coolant passage subsets via respective inlet stubs 184 and the fuel cell stack 
outlet 158 receives coolant from each of said coolant passage sets via 
respective outlet stubs 186. The first fuel cells 112A and 112B of each of 
the sub-stacks are connected electrically together via a metallic plate 206 and 
5 the resistance monitoring circuit 190 and the voltage monitoring circuit 191 
are connected to the two interconnected first cells 112 A and 112B. With the 
high-voltage stack the metallic plate 206 connecting the first cells 112A and 
4* 1 12B of the sub-stacks 1 10A and 1 10B carries a voltage which will typically 

S be between 0 and 10V as in the embodiment of Fig. 1 and Fig. 2. This 

2 10 means that the fuel cell 112C at the opposite end of the sub-stack HOB will 

ffi have a negative potential of, for example, -175V, whereas the end fuel cell 

£0 

y_l 1 1 2D at the corresponding end of the other sub-stack 1 10A and will be at a 

L, positive potential of, for example, + 175V. 

fll [0051] The electrical system of the embodiment of Fig. 3 corresponds 

hi 15 to that of Fig. 1 and is grounded in the same manner. Equally the housing 

S J 144A enclosing the fuel cell stacks 1 10A and HOB of the embodiment of 

Fig. 3 is grounded as shown 142B and the individual inlet and outlet stubs 
184 and 186 are grounded as shown at 142E and 142F respectively. The 
flexible branch lines 208 connect the stack inlet 154 to the inlet stubs 184 
20 and the flexible branch lines 210 connect the sub-stack outlets 186 for liquid 
coolant to the chassis stack outlet 158. The flexible hose 180 leads in similar 
manner to the arrangement of Fig. 2 to the pump 176, which is in term 
connected by the hose 172 to the radiator 164. The flexible hose 160 returns 
the liquid coolant from the sub-stacks to the radiator 164. The fault 
25 detection is achieved in this embodiment in precisely the same way as for the 
embodiment of Fig. 2. In this embodiment there are two contactors 128A 
and 128B to permit interruption of each of the high voltage lines 126 and 
122. 

[0052] Fig. 4 shows a further embodiment of an electrical isolation 

30 system for a fuel cell stack in accordance with the present invention. Again 
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the same basic reference numerals will be used as in Fig, 1, but increased by 
200 so as to enable the embodiments to be distinguished. Again it is 
understood that the description given with respect to elements of the previous 
embodiments also applies to elements of the embodiment of Fig. 4 which 
5 have the last two corresponding reference numerals and that elements which 
have no counterparts in the other figures will be described using new 
reference numerals. 

[0053] In the embodiment of Fig. 4, the fuel cell stack 210 comprises 

the individual sub-stacks 210A, 210B, 210C and 210D. The fuel cells of all 

10 four sub-stacks are connected electrically in series, i.e. internally in each 
sub-stack, with the individual sub-stacks being connected together via leads 
311. The circuit monitor 294 is connected via the lead 313 to the adjacent 
bipolar plates (not shown) of the first fuel cells of each of the sub-stacks 
210A and 210B and these bipolar plates have a floating potential typically in 

15 the range between 0 and 10V. The fuel cell at the extreme left-hand end of 
the sub-stack 210D has in this embodiment a potential of -200V, whereas the 
fuel cell at the extreme right hand end of the sub-stack 210A has a potential 
of +200V. The stack inlet for liquid coolant is indicated by the reference 
numeral 254 and the stack outlet is indicated by the reference numeral 258. 

20 It can be seen that in this embodiment the cooling passages 217 of all fuel 
cell sub-stacks 210A, 210C, 210B and 210D are fed with liquid coolant in 
parallel via the common stack inlet 254 and the common stack outlet 258. 
[0054] Thus, in this embodiment the circuit monitor 290 is again 

connected to the fuel cells closest to the stack inlet 254 and the stack outlet 

25 258. The manner of operation of the resistance measuring circuit 290 of the 
voltage measuring circuit 291 and of the monitor 294 of this embodiment is 
precisely the same as for the previously described embodiments. 
[0055] If conductive inlet- and outlet-stubs are used for the fuel cell 

stack or fuel cell sub-stacks then these should be connected to the chassis 

30 ground. However, it can be preferable to make the inlet- and outlet-stubs of 



18 

a non-conductive material, for example a suitable plastic. The reason for 
this is that the length of the resistive path to the next grounded element, for 
example the pump or the radiator, is then increased so that the actual value 
of the resistance measured is higher and this improves the sensitivity of the 
5 measurements that are made. 

[0056] The equivalent circuit for the monitoring system of Fig. 3 

comprising the resistance measuring circuit 190, the voltage measuring 
j-4 circuit 191 and the monitoring circuit 194 is shown in Fig. 5. In the circuit 

P diagram of Fig. 5 the point 112' represents the connection of the monitoring 

"^ 10 circuit to the selected fuel cells 112A and 1 12B, i.e. to the connected bipolar 

CO plates of these fuel cells. The resistance Rcooiam represents the resistance that 

u\ is present between the first fuel cells 112' and the chassis ground 142G. The 

1, resistance Ro represents other parasitic resistances which are present between 

Hi the first fuel cells 1 12A and 1 12B and the chassis ground 142G and all 

y 15 resistances are to be considered as arranged in parallel. There is thus an 

5 j effective resistance R-ISO formed by the resistances connected in parallel 

between the point 112' and the chassis ground 142G. For a high voltage 
stack as shown in Fig. 3 the voltage at the point 112' is determined by the 
voltages Va and Vb which should nominally be the same but which 
20 frequently vary in practice, due. amongst other things to (unintentional) 

physical differences in each of the sub-stacks 110A and HOB and as a result 
of the rate of flow and conductivity of the coolant in each of the sub-stacks 
110A and HOB, each of which is connected to a respective output terminal 
of the fuel cell stack via a respective contactor 128A, 128B. 
25 [0057] Thus the circuit 90 measures the resistance between the first 

fuel cells 112* and ground, for example by AC current injection and AC 
voltage measurement. The voltage measuring circuit 191 measures the 
potential difference between the first fuel cells 112' and ground 142G and 
typically includes the above mentioned low pass filter (not shown) to 
30 eliminate electrical noise. 
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[0058] The algorithm which enables the analysis of the isolation of 

the electrical system, and which is stored in the circuit monitor 194, can for 
example be laid out in the following manner. If one assumes that there is a 
desired fault current detection of 500 Ohms/ Volt, then this fault current can 
be expressed as 2mA. If the voltage monitor shows an error reading of, for 
example, 10V magnitude, then the reading produced by the resistance 
monitor, i.e. R-ISO can be considered as acceptable if it is greater than or 
equal to 

R-ISO = 10V / 2mA = 5kQ. 



";f 10 [0059] That is to say the threshold monitoring values for the voltage 

ffl monitoring range are, in this example, + 10V and -10V. So long as the 

•S3-T;, 
'zJJ, 

Z 1 voltage remains in this range, i.e. between + 10V and -10V, the system is 

deemed to be working acceptably providing R-ISO does not drop below 5 
kQ. 

15 [0060] If now a fault develops in say the contactor 128B then the 

effect of this will be to increase the voltage at point 112* to, say, 12V. 
Normally the system would now be shut down because this value of + 12V 
lies outside of the permissible range. However, if the measured value of R- 
ISO is still 5 kQ then the system controller can, for example, be 
20 programmed to allow the stack to keep operating. This means the fault 
current I-ISO has risen to 12V/5 kQ= 2.4mA which could be considered 
acceptable. 

[0061] In the course of time the resistance of the coolant will 

typically decrease because of aging effects, electrolysis etc. The resistance 
25 could, for example, drop to 4 kQ. This would mean that the fault current I- 
ISO is now 12V/4 kQ = 3mA and this value would no longer be acceptable. 
[0062] A resistance drop to 4 kQ with the voltage at point 112 f still 

at 10V (equivalent to a fault current of 2.5mA) could, however, still be 
deemed tolerable. 
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[0063] It can be seen from this example that the use of adaptive 

thresholds for the resistance and the voltage, in particular having regard to 
permissible fault current values, allows the stack to be operated without 
being shut down immediately one of the thresholds is exceeded, thus 
5 avoiding unnecessary shut downs in practice. 

[0064] If R-ISO should suddenly fall below 5kQ and the potential 

difference at point 112' rises above 10V then this can be taken as an 
indication that R-ISO has decreased not due to deterioration of the coolant, 

I s * 

S3 but due to some other undesired change in the resistances connected in 

%4 10 parallel to the resistance Rcooiam. For example due to a tool illustrated 

J schematically at 196 touching a high-voltage element of the electrical circuit. 

F: In either case, a warning signal can be given, and/or the contactors can be 

m 

s disengaged and/or the fuel cell stack can be shut down. 

m [0065] If on the other hand the current monitor shows that R-ISO is 

f* 15 greater than 5kQ than it would appear, at least initially, that the electrical 

P isolation is functioning correctly. However, as a check, the current I-ISO 

fU 

can than be calculated using the equation I-ISO = V-ISO / R-ISO. If the 
value of I-ISO is greater than 2mA then again this is indicative of a fault, 
such as for example a ground fault and again a warning can be issued, the 

20 contactors can be disengaged and the fuel cell system can be shut down. 

[0066] It should be noted that the present invention is not restricted to 

specific thresholds. The use of adaptive thresholds makes it possible to 
prevent unnecessary shut downs of the fuel cell stack. 
[0067] It should also be noted that the present invention is not 

25 restricted to PEM fuel cells, but can basically be used in all known fuel 

cells, which utilize liquid coolants. Moreover, it is also possible to connect 
the circuit monitor to a display (not shown), which indicates information 
such as diagnostic information related to the change in the measured 
resistance and the measured potential difference. 
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